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(54) Exhaust gas purifying device for engine 

(57) An exhaust gas purifying device for an engine 
comprises an exhaust gas purifying catalyst with an 
electric heater arranged in the exhaust passage capa- 
ble of temporarily adsorbing NOx in the inflowing 
exhaust gas therein. A NO x adsorbing capacity of the 
exhaust gas purifying catalyst becomes larger when a 
temperature of the exhaust gas purifying catalyst 
becomes higher. The heater is turned on and is turned 
off alternately and repeatedly to thereby increase and 
reduce the catalyst temperature. NOx in tne inflowing 
exhaust gas is adsorbed in the exhaust gas purifying 
catalyst when the catalyst temperature falls, and the 
adsorbed NOx ' s desorbed from the exhaust gas purify- 
ing catalyst and reduced when the catalyst temperature 
increases. The catalyst temperature is controlled to 
increase to a first upper threshold temperature, at which 
the NO x adsorbing capacity of the exhaust gas purifying 
catalyst is substantially zero, and is controlled to fall to a 
first lower threshold temperature, at which the NO x 
adsorbing capacity of the exhaust gas purifying catalyst 
is substantially a maximum. 
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Description 

BACKGROUND OF THE PRESENT INVENTION 

1 . Field of the Invention 5 

The present invention relates to an exhaust gas 
purifying device for an engine. 

2. Description of the Related Art to 

Japanese Unexamined Patent Publication No. 4- 
1 7541 6 discloses an exhaust gas purifying device for an 
engine provided with a catalyst arranged in an exhaust 
passage of the engine, composed of zeolite carrying a 15 
transition metal or a precious metal thereon, which is 
so-called a zeolite catalyst, and a catalyst temperature 
control device for controlling a temperature of the zeolite 
catalyst to increase and lower the catalyst temperature 
alternately and repeatedly in a so-called temperature 20 
window of the zeolite catalyst. 

On the other hand, the inventors of the present 
invention have found that the zeolite catalyst has a NO x 
adsorbing function in which the catalyst temporarily 
adsorbs the nitrogen oxides NOx in tne inflowing 25 
exhaust gas therein, and that the NO x adsorbing capac- 
ity of the zeolite catalyst becomes lower when the cata- 
lyst temperature becomes lower. Thus, lowering the 
catalyst temperature increases the NOx adsorbing 
capacity of the zeolite catalyst, and therefore, the zeolite 30 
catalyst temporarily adsorbs NO x in the inflowing 
exhaust gas. Contrarily, increasing the catalyst temper- 
ature decreases the NOx adsorbing capacity of the zeo- 
lite catalyst, and therefore, the zeolite catalyst desorbs 
the adsorbed NOx- Namely, increasing and lowering the 35 
catalyst temperature alternately and repeatedly causes 
the zeolite catalyst to perform the NOx adsorption and 
the NOx desorption and purification, alternately and 
repeatedly. 

Further, the inventors of the present invention have 40 
also found that, if the inflowing exhaust gas includes a 
reducing agent, such as hydrocarbon (HC), almost all of 
NO x desorbed from the zeolite catalyst is reduced and 
purified in an oxidizing atmosphere by the reducing 
agent. Thus, it is preferable for purifying NO x sufficiently 45 
in the exhaust gas by the zeolite catalyst to make the 
NO x amount adsorbed in the zeolite catalyst as large as 
possible when the catalyst temperature drops. It is also 
preferable, for making the adsorbed NOx amount as 
large as possible when the catalyst temperature drops, so 
to make the NOx amount desorbed from the zeolite cat- 
alyst as large as possible when the catalyst temperature 
rises. 

As described before, the inventors of the present 
invention have found that the NOx adsorbing capacity of ss 
the zeolite catalyst becomes larger when the catalyst 
temperature becomes lower. In other words, the NO x 
amount to be adsorbed in the zeolite catalyst becomes 



larger as the catalyst temperature becomes lower, when 
the catalyst temperature drops. The NOx amount to be 
desorbed from the zeolite catalyst becomes larger as 
the catalyst temperature becomes higher, when the cat- 
alyst temperature rises. Namely, it is most effective for a 
sufficient NOx purification to lower the catalyst temper- 
ature to a temperature at which the NO x adsorbing 
capacity almost becomes a maximum, and increase the 
catalyst temperature to a temperature at which the NOx 
adsorbing capacity almost becomes zero. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
exhaust gas purifying device for an engine capable of 
making an amount of NO x adsorbed in the exhaust gas 
purifying catalyst larger, to thereby purify NOx suffi " 
ciently. 

According to one aspect of the present invention, 
there is provided an exhaust gas purifying device for an 
engine having an exhaust passage comprising: an 
exhaust gas purifying catalyst arranged in the exhaust 
passage capable of temporarily adsorbing NO x in the 
inflowing exhaust gas therein, a NOx adsorbing capac- 
ity thereof becoming larger when the temperature of the 
exhaust gas purifying catalyst becomes lower; and cat- 
alyst temperature control means for controlling the tem- 
perature of the exhaust gas purifying catalyst, the 
catalyst temperature control means controlling the cata- 
lyst temperature to increase and fall alternately and 
repeatedly, to thereby adsorb NO x in the inflowing 
exhaust gas in the exhaust gas purifying catalyst when 
the catalyst temperature falls, and to desorb NOx 
adsorbed in the exhaust gas purifying catalyst and 
reduce the NO x when the catalyst temperature 
increases, wherein the catalyst temperature is control- 
led to increase to a first upper threshold temperature, at 
which the NOx adsorbing capacity of the exhaust gas 
purifying catalyst is substantially zero. 

According to another aspect of the present inven- 
tion, there is provided an exhaust gas purifying device 
for an engine having an exhaust passage comprising: 
an exhaust gas purifying catalyst arranged in the 
exhaust passage capable of temporarily adsorbing NOx 
in the inflowing exhaust gas therein, a NOx adsorbing 
capacity thereof becoming larger when a temperature of 
the exhaust gas purifying catalyst becomes higher; and 
catalyst temperature control means for controlling the 
temperature of the exhaust gas purifying catalyst, the 
catalyst temperature control means controlling the cata- 
lyst temperature to increase and fall atternatety and 
repeatedly, to thereby adsorb NO x in the inflowing 
exhaust gas in the exhaust gas purifying catalyst when 
the catalyst temperature falls, and to desorb NOx 
adsorbed in the exhaust gas purifying catalyst and 
reduce the NO x when the catalyst temperature 
increases, wherein the catalyst temperature is control- 
led to increase to a first upper threshold temperature, at 
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which the NO x adsorbing capacity of the exhaust gas 
purifying catalyst is substantially zero, and is controlled 
to fall to a first lower threshold temperature, at which the 
NO x adsorbing capacity of the exhaust gas purifying 
catalyst is substantially a maximum. 

According to still another aspect of the present 
invention, there is provided an exhaust gas purifying 
device for an engine having an exhaust passage com- 
prising: an exhaust gas purifying catalyst arranged in 
the exhaust passage capable of temporarily adsorbing 
NO x in the inflowing exhaust gas therein, a NOx adsorb- 
ing capacity thereof becoming larger when a tempera- 
ture of the exhaust gas purifying catalyst becomes 
higher; and catalyst temperature control means for con- 
trolling the temperature of the exhaust gas purifying cat- 
alyst, the catalyst temperature control means controlling 
the catalyst temperature to increase and fall alternately 
and repeatedly, to thereby adsorb NO x in the inflowing 
exhaust gas in the exhaust gas purifying catalyst when 
the catalyst temperature falls, and to desorb NO x 
adsorbed in the exhaust gas purifying catalyst and 
reduce the NOx when the catalyst temperature rises, 
wherein the catalyst temperature is controlled to rise to 
a first upper threshold temperature, at which the NO x 
adsorbing capacity of the exhaust gas purifying catalyst 
is substantially zero, and is controlled to fall to a first 
lower threshold temperature, at which the NO>< adsorb- 
ing capacity of the exhaust gas purifying catalyst is sub- 
stantially maximum. 

The present invention may be more fully under- 
stood from the description of the preferred embodi- 
ments of the invention as set forth below, together with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 

Fig. 1 is a general view of an engine; 

Fig. 2 is a cross-sectional view of an exhaust gas 

purifying catalyst; 

Fig. 3 is a diagram illustrating relationships 
between a NOx purification efficiency of the 
exhaust gas purifying catalyst and the catalyst tem- 
perature in a steady state; 

Fig. 4 is a diagram illustrating the NOx adsorbing 
capacity of the exhaust gas purifying catalyst; 
Fig. 5 is a time chart for explaining the exhaust gas 
purifying method according to the present inven- 
tion; 

Fig. 6 is a flowchart for controlling the catalyst tem- 
perature; 

Fig. 7 is a flowchart for controlling the exhaust gas 
purification; 

Fig. 8 is a general view of an engine according to 
another embodiment of the present invention; and 
Fig. 9 is a flowchart for controlling the exhaust gas 
purification in the embodiment shown in Fig. 8. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Fig. 1 illustrates a case where the present invention 

5 is applied to a diesel engine. Alternatively, the present 
invention may be applied to a spark-ignition engine. 

Referring to Fig. 1, a reference numeral 1 desig- 
nates a cylinder block, 2 designates a piston, 3 desig- 
nates a cylinder head, 4 designates a combustion 

w chamber, 5 designates an intake port. 6 designates an 
intake valve. 7 designates an exhaust port, 8 designates 
an exhaust valve, 9 designates a fuel injector for inject- 
ing fuel directly into the combustion chamber 4, and 10 
designates a fuel pump for feeding fuel to the fuel injec- 

15 tor 9 under pressure, driven by the engine. The intake 
ports 5 of each cylinder are connected to a common 
surge tank 1 2 via corresponding branches 1 1 , and the 
surge tank 12 is connected to an air cleaner 14 via an 
intake duct 13. An intake control valve 16 is arranged in 

20 the intake duct 13, and is driven by an actuator 15 of a 
negative pressure or an electromagnetic type. The 
intake control valve 16 is usually kept fully open, and is 
slightly closed when the engine load is very low. On the 
other hand, the exhaust ports 7 of each cylinder are 

25 connected to a common exhaust manifold 17, and the 
exhaust manifold 17 is connected to a catalytic con- 
verter 19 housing a N0 2 synthesizing catalyst 18 
therein. The converter 19 is connected, via an exhaust 
pipe 20, to a catalytic converter 22 housing an exhaust 

30 gas purifying catalyst 21 therein. As mentioned below, 
the temperature of the exhaust gas flowing to the cata- 
lyst 21 is preferably as low as possible, and thus the cat- 
alyst 21 shown in Fig. 1 is arranged in the exhaust 
passage as far downstream as possible. For example, 

35 the catalyst 21 may be arranged in a muffler (not 
shown). Note that the fuel pump 10, and the actuator 15 
are controlled by output signals from an electronic con- 
trol unit 30. 

The catalyst 21 shown in Fig. 1 is formed of a elec- 

40 trically heated catalyst or a catalyst with an electric 
heater. Namely, as shown in Fig. 2, the catalyst 21 is in 
a form of a flat metal sheet 23 and a corrugated metal 
sheet 24 wound concentrically and alternately. The cat- 
alytic particles are carried on the metal sheets 23 and 

45 24. When the electric current flows through the metal 
sheets 23 and 24, the metal sheets 23 and 24 generate 
heat, to thereby heat the catalytic particles. Thus, the 
metal sheets 23 and 24 constitute the catalytic carrier, 
while acting as the electric heater. The heater is control - 

so led by output signals from an electronic control unit 30. 

Referring to Fig. 1 again, a reducing agent injector 
25 is arranged in the exhaust pipe 20 for secondarily 
supplying a reducing agent. A hydrocarbon such as 
gasoline, isooctane, hexane, heptane, gas oil, and kero- 

55 sine or a hydrocarbon which can be stored in a liquid 
form, such as butane or propane, can be used as the 
reducing agent. However, the diesel engine shown in 
Fig. 1 uses fuel of the engine, to be injected from the 
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fuel injection nozzle 9, as the reducing agent. Thus, 
there is no need to provide an additional tank for the 
reducing agent Note that the reducing agent injector 25 
is controlled by output signals from the electronic con- 
trol unit 30. 

The electronic control unit (ECU) 30 is constructed 
as a digital computer and comprises a read-only mem- 
ory (ROM) 32. a random-access memory (RAM) 33, a 
CPU (micro processor) 34, an input port 35, and an out- 
put port 36, which are interconnected with each other 
via a bidirectional bus 31. A negative pressure sensor 
37 is arranged in the surge tank 1 1 , and generates an 
output voltage in proportion to the pressure in the surge 
tank 11. The output voltage of the sensor 37 is input to 
the input port 35 via an AD converter 38. A temperature 
sensor 39 is arranged in the catalyst 21 , and generates 
an output voltage in proportion to the temperature TC of 
the catalyst 21. The output voltage of the sensor 39 is 
input to the input port 35 via an AD converter 40. The 
input port 35 is also connected to a crank angle sensor 
41, which generates a pulse whenever a crankshaft is 
turned by, for example, 30 degrees. According to these 
pulses, the CPU 34 calculates the engine speed N. A 
depression sensor 43 is connected to an acceleration 
pedal 42, and generates an output voltage in proportion 
to an depression DEP of the acceleration pedal 42. The 
output voltage of the sensor 43 is input to the input port 
35 via an AD converter 44. The output port 36 is con- 
nected to the fuel pump 10. the actuator 15, the reduc- 
ing agent injector 25 and a relay 46 for controlling 
electric power supply to the catalyst 21 , via correspond- 
ing drive circuits 45. 

The exhaust gas purifying catalyst 21 comprises a 
precious metal, such as platinum Pt and palladium Pd, 
or a transition metal, such as copper Cu and iron Fe. 
carried, by an ion changing process, on a porous car- 
rier, such as zeolite and alumina, which is carried on the 
metal sheets 23 and 24. In the oxidizing atmosphere 
including the reducing agent, such as hydrocarbon (HC) 
and carbon monoxide (CO), the catalyst 21 can selec- 
tively react NOx in the inflowing exhaust gas with the 
HC and CO, to thereby reduce the NOy to nitrogen N 2 . 
Namely, the catalyst 21 can reduce NO x in the inflowing 
exhaust gas, even in the oxidizing atmosphere, if the 
inflowing exhaust gas includes the reducing agent Note 
that the following explanation is made for a case where 
the catalyst 21 is comprised of Pt-zeolite catalyst in 
which platinum Pt is carried on zeolite. However, the fol- 
lowing explanation may be referred to for the other types 
of catalysts. 

Fig. 3 illustrates relationships between a NOy puri- 
fication efficiency EN of the exhaust gas purifying cata- 
lyst 21 and the catalyst temperature TC. As can be seen 
from Fig. 3, the NOx purification efficiency EN becomes 
the maximum efficiency ENM when the catalyst temper- ss 
ature TC is equal to TM, and becomes lower as the cat- 
alyst temperature TC becomes lower than TM, or as TC 
becomes higher than TM. Further, the NOx purification 



efficiency EN is kept higher than an allowable minimum 
purification efficiency ENTOR when the catalyst tem- 
perature is in a range from the lower threshold tempera- 
ture TL to the upper threshold temperature TU, i.e.. 
5 when the catalyst temperature is within a window. Note 
that, for the Pt-zeolite catalyst, the maximum efficiency 
ENM is in a range from 30% to 50%, and the allowable 
minimum purification efficiency ENTOR is in a range 
from 1 5% to 25%. In this case, the lower threshold tem- 
io perature TL is approximately 200°C, and the upper 
threshold temperature TU is approximately 300°C. 

As described at the beginning, it has been found 
that the Pt-zeolite catalyst 21 has a NOx adsorbing 
function of temporarily adsorbing NOx in tne inflowing 
ts exhaust gas. in this case, while the NOx adsorption 
mechanism is not completely clear, it is thought that 
NOx in tn © inflowing exhaust gas is adsorbed on the 
surfaces of platinum Pt particles in the form of N0 2 , by 
chemical adsorption. Also, it has been found that the 
20 NOx adsorbing capacity NAC of the Pt-zeolite catalyst 
21 becomes larger when the catalyst temperature TC 
becomes lower, as shown in Fig. 4. Thus, when the cat- 
alyst temperature TC drops, the NOx adsorbing capac- 
ity NAC increases, and therefore, NOx in the inflowing 
25 exhaust gas is further adsorbed in the Pt-zeolite catalyst 
21 in accordance with the increase in the NOx adsorb- 
ing capacity NAC. On the other hand, when the catalyst 
temperature TC rises, the NOx adsorbing capacity NAC 
decreases, and therefore. NOx adsorbed in the Pt-zeo- 
30 lite catalyst 21 is desorbed in accordance with the 
decrease in the NOx adsorbing capacity NAC. 

Almost all of NOx desorbed from the Pt-zeolite cat- 
alyst 21 is reduced and purified in the oxidizing atmos- 
phere including the reducing agent. Accordingly, 
35 controlling the catalyst temperature TC to rise and fall 
alternately and repeatedly to thereby cause the Pt-zeo- 
lite catalyst 21 to perform the NO x adsorption and the 
NOx desorption and reduction alternately and repeat- 
edly, provides sufficient NOx purification. This is the 
40 basic exhaust gas purifying method of the present 
invention. 

It is required for increasing the amount of NOx to be 
purified to increase the amount of NO x adsorbed in the 
Pt-zeolite catalyst 21 when the catalyst temperature 
45 drops. Also, it is required for increasing the amount of 
NOx to be adsorbed in the Pt-zeolite catalyst 21 when 
the catalyst temperature drops, to increase the amount 
of NOx desorbed from the Pt-zeolite catalyst 21 when 
the catalyst temperature rises, to thereby ensure the 
so NOx adsorbing capacity of the Pt-zeolite catalyst 21 . 

On the other hand, as described before, the NOx 
adsorbing capacity of the Pt-zeolite catalyst 21 
becomes larger when the catalyst temperature TC 
becomes lower. Thus, in the present embodiment, the 
catalyst temperature TC is controlled to drop to a lower 
threshold temperature LTH at which the NO x adsorbing 
capacity NAC becomes substantially the maximum 
capacity CMAX (shown in Fig. 4), when the catalyst 
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temperature is controlled to drop. Note that the maxi- 
mum capacity CMAX is determined depending on the 
volume of the Pt-zeolite catalyst 21 , the surface area of 
the catalyst particles, or the catalyst particles. Thus, 
controlling the catalyst temperature TC to fall to the 
lower threshold temperature LTH makes the adsorbed 
NO x amount QAN maximum. Also, when the catalyst 
temperature is controlled to rise, the catalyst tempera- 
ture is controlled to rise to a upper threshold tempera- 
ture UTH at which the NOx adsorbing capacity NAC 
becomes substantially zero (shown in Fig. 4), in the 
present embodiment This makes the adsorbed NO x 
amount QAN substantially zero, and thus, allows the Pt- 
zeolite catalyst 21 to adsorb a large amount of NO x in 
the successive NOx adsorption process. In summary, in 
the diesel engine shown in Fig. 1 , the catalyst tempera- 
ture is controlled to increase and fall alternately and 
repeatedly, and is controlled to rise to the upper thresh- 
old temperature UTH when the catalyst temperature 
rises, and is controlled to drop to the lower threshold 
temperature LTH when the catalyst temperature drops. 

Note that it has been found that the lower and the 
upper threshold temperatures LTH and UTH of the Pt- 
zeolite catalyst 21 are approximately 150°C, and 
approximately 350°C, respectively. Thus, the lower 
threshold temperature LTH is lower than the lower 
threshold temperature TL defining the window of the Pt- 
zeolite catalyst 21 (shown in Fig. 3), and the upper 
threshold temperature UTH is higher than the upper 
threshold temperature TU defining the window. There- 
fore, when the catalyst temperature is controlled to rise 
and fall between the upper threshold temperature UTH 
and the lower threshold temperature LTH, the catalyst 
temperature exceeds the window of the Pt-zeolite cata- 
lyst 21 . In other words, the catalyst temperature is con- 
trolled to rise above and fall below the window in the 
present embodiment. 

Next, the exhaust gas purifying method of the 
present invention will be further explained, referring to 
the time chart shown in Fig. 5. 

Referring to Fig. 5, the period from time "a" to "b" 
shows a case where the catalyst temperature drops. As 
the catalyst temperature TC becomes lower, the 
adsorbed NOx amount QAN of the Pt-zeolite catalyst 21 
becomes larger, and a concentration CNO of NOx in tne 
exhaust gas at the outlet of the Pt-zeolite catalyst 21 
becomes lower and then substantially becomes zero. 
Note that CNI shown in Fig. 5 represents a concentra- 
tion of NO x in the exhaust gas at the inlet of the Pt-zeo- 
lite catalyst 21. Therefore, it can be understood that 
almost all of NOx in tne inflowing exhaust gas is 
adsorbed in the Pt-zeolite catalyst 21 when the catalyst 
temperature drops. Next, when the catalyst temperature 
TC becomes the lower threshold temperature LTH, the 
adsorbed NO x amount QAN becomes the maximum 
amount QMAX corresponding to the maximum capacity 
CMAX of the Pt-zeolite catalyst 21 . 

The successive period from time "b" to "c" shows a 



case where the catalyst temperature rises. As the cata- 
lyst temperature TC becomes higher, the adsorbed NOx 
amount QAN becomes smaller. Namely, NOx is des- 
orbed from the Pt-zeolite catalyst 21. Almost all of the 

5 desorbed NO x is reduced and purified. On the other 
hand, NO x in the inflowing exhaust gas when the cata- 
lyst temperature rises is purified, substantially with the 
NOx purification efficiency EN (see Fig. 3) depending 
on the catalyst temperature TC at this time. Next, when 

to the catalyst temperature TC reaches the upper thresh- 
old temperature UTH, the adsorbed NOx amount QAN 
becomes substantially zero. 

The temperature reducing process is performed in 
the successive period from time "c" to "d*\ and the tem- 

is perature increasing process is performed in the succes- 
sive period from time "d" to "e". In this way, the 
temperature increasing process and the temperature 
reducing process are performed alternately and repeat- 
edly. 

20 Considering the purification of NOx flowing into the 
Pt-zeolite catalyst 21, the NOx purification efficiency 
((CNO - CNI) / CNI) in the temperature rising process is 
lower than that in the temperature dropping process. 
Thus, it is preferable that the catalyst temperature TC is 

25 controlled to rise to the upper threshold temperature 
UTH quickly, to thereby shorten the period required for 
the temperature rising process, as much as possible. 
Further, when the catalyst temperature TC is controlled 
to fall to the lower threshold temperature LTH quickly, 

so the NOx adsorbing capacity of the Pt-zeolite catalyst 21 
becomes equal to the maximum capacity thereof 
quickly. In this case, the catalyst temperature TC may 
be kept at the lower threshold temperature LTH until the 
adsorbed NOX amount QAN reaches the maximum 

35 amount QMAX. 

However, if the catalyst temperature TC is control- 
led to fall quickly in the temperature reducing process, 
NO in the inflowing exhaust gas is not oxidized to N0 2 
in the Pt-zeolite catalyst 21. As a result, NO may be 

40 exhausted from the Pt-zeolite catalyst 21 without being 
adsorbed therein. Thus, in the diesel engine shown in 
Fig. 1, the N0 2 synthesizing catalyst 18 is arranged in 
the exhaust passage upstream of the Pt-zeolite catalyst 
21 and the reducing agent injector 25, for oxidizing NO 

45 in the inflowing exhaust gas to N0 2 - Accordingly, almost 
all of NOx flowing into the Pt-zeolite 21 is in the form of 
N0 2 . and thus, NOx ca n b © effectively adsorbed in the 
Pt-zeolite catalyst 21. Note that the N0 2 synthesizing 
catalyst 18 may be a so-called oxidizing catalyst. 

so To control the catalyst temperature TC of the Pt- 
zeolite catalyst 21 , that is, to increase or reduce the cat- 
alyst temperature TC, any method may be adopted. In 
the diesel engine shown in Fig. 1 . the Pt-zeolite catalyst 
21 consists of a catalyst with the heater as described 

55 above, and the heater is turned on when the catalyst 
temperature TC is to be increased, and is turned off 
when the catalyst temperature is to be reduced. When 
the heater is turned off, the catalyst temperature falls 
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toward the temperature of the exhaust gas flowing into 
the Pt-zeolite catalyst 21 . In this case, the Pt-zeolite cat- 
alyst 21 is arranged in the downstream section of the 
exhaust passage as described before, and thus, the 
temperature of the exhaust gas flowing into the Pt-zeo- 
lite catalyst 21 is kept low. Note that a secondary air 
supply device may be provided for supplying secondary 
air to the Pt-zeolite catalyst 21 when the catalyst tem- 
perature is to be reduced. Alternatively, a coolant pas- 
sage may be formed in the Pt-zeolite catalyst 21, and 
the coolant may be supplied through the coolant pas- 
sage when the catalyst temperature is to be reduced. 

If the diesel engine performs a rich operation in 
which the air-fuel ratio is rich with respect to the stoichi- 
ometric air-fuel ratio, undesirable smoke and particulate 
may be discharged from the cylinder. Thus, the diesel 
engine shown in Fig. 1 always performs a lean opera- 
tion, in each cylinder, in which the air-fuel ratio is lean 
with respect to the stoichiometric air-fuel ratio. There- 
fore, the exhaust gas flowing into the Pt-zeolite catalyst 
21 is always an oxidizing atmosphere. As a result, NO x 
desorbed from the Pt-zeolite catalyst 21 is effectively 
reduced by the reducing agent in inflowing the exhaust 
gas. In this case, unburned HC and CO discharged from 
the engine can act as a reducing agent. However, the 
amount of NOx to be purified is much larger than that of 
the unburned HC and CO discharged from the engine, 
and the reducing agent will be too little to purify NO x 
sufficiently. Thus, the reducing agent is secondarily sup- 
plied by the reducing agent injector 25 into the exhaust 
pipe 20, to thereby avoid a shortage of the reducing 
agent with respect to NOx- 

When the catalyst temperature TC drops, almost all 
of the NOx flowing into the Pt-zeolite catalyst 21 is 
adsorbed In the Pt-zeolite catalyst 21 , and the reduction 
of NO x is hardly conducted. Thus, if the reducing agent 
is supplied when the catalyst temperature drops, the 
reducing agent may be discharged from the Pt-zeolite 
catalyst 21 without purifying NOx- Therefore, in the die- 
sel engine shown in Fig. 1, the supply of the reducing 
agent by the reducing agent injector 25 is performed 
only when the catalyst temperature rises, and is 
stopped when the catalyst temperature drops. 

Figs. 6 and 7 are routines for executing the embod- 
iment mentioned above. These routines are executing 
by interruption every predetermined time. 

Fig. 6 shows a routine for controlling the catalyst 
temperature. 

Referring to Fig. 6, first, in step 50, it is judged 
whether a temperature-rise flag is set. The temperature- 
rise flag is set when the catalyst temperature is to be 
increased, and is reset when the catalyst temperature is 
to be reduced. When the temperature-rise flag is set, 
i.e., when the catalyst temperature is to be increased, 
the routine goes to step 51 , where it is judged whether 
the catalyst temperature TC is higher than the upper 
threshold temperature UTH. When TC > UTH, the rou- 
tine goes to step 52, where it is judged that the catalyst 



temperature is to be reduced and the temperature-rise 
flag is reset. Then, the processing cycle is completed. 
Contranly, when TC £ UTH, the processing cycle is 
completed, while the temperature-rise flag is kept set. 

s However, when the temperature-rise flag is reset 

set in step 50, i.e.. when the catalyst temperature is to 
be reduced, the routine goes to step 53, where it is 
judged whether the catalyst temperature TC is lower 
than the lower threshold temperature LTH. When TC < 

w LTH, the routine goes to step 54, where it is judged that 
the catalyst temperature is to be increased and the tem- 
perature-rise flag is set. Then, the processing cycle is 
completed. Contrarily, when TC £ UTH, the processing 
cycle is completed, while the temperature-rise flag is 

is kept reset. 

Fig. 7 shows a routine for controlling the exhaust 
gas purification. 

Referring to Fig. 7. first, in step 60, it is judged 
whether the temperature-rise flag, which is set or reset 

20 in the routine shown in Fig. 6. is set. When the temper- 
ature-rise flag is set, i.e., when the catalyst temperature 
is to be increased, the routine goes to step 61, where 
the heater of the Pt-zeolite catalyst 21 is turned on. In 
the following step 62. the supply of the reducing agent 

25 by the reducing agent injector 25 is performed. Then, 
the processing cycle is completed. Contrarily, when the 
temperature-rise flag is reset in step 60, i.e., when the 
catalyst temperature is to be reduced, the routine goes 
to step 63, where the heater is turned off. In the follow- 

30 ing step 64, the supply of the reducing agent by the 
reducing agent injector 25 is stopped. Then, the 
processing cycle is completed. 

Fig. 8 illustrates another embodiment. In Fig. 8, the 
same reference numerals are used to indicate similar 

35 components as in Fig. 1 . 

Referring to Fig. 8, a fuel injector 9a is arranged in 
the combustion chamber 4 for injecting fuel directly into 
the combustion chamber 4, and is of an electromagnetic 
type. The fuel injector 9a is connected to the fuel pump 

40 10 via the fuel accumulating chamber 70 which is com- 
mon to the fuel injectors of all cylinders. This allows a 
plurality of fuel injections in a combustion cycle of each 
cylinder. No heater is provided in the Pt-zeolite catalyst 
21 shown in Fig. 8. Further, the reducing agent injector 

45 and the N0 2 synthesizing catalyst shown in Fig. 1 are 
omitted. 

In the diesel engine shown in Fig. 8, as in the diesel 
engine shown in Fig. 1 , the catalyst temperature is con- 
trolled to increase and fall alternately and repeatedly. 

so Further, the catalyst temperature TC is controlled to the 
upper threshold temperature UTH when the catalyst 
temperature increases, and is controlled to the lower 
threshold temperature LTH when the catalyst tempera- 
ture falls. Furthermore, the reducing agent is supplied to 

55 the Pt-zeolite catalyst 21 to reduce NO x effectively. 
However, in the diesel engine shown in Fig. 8. the 
reducing agent is supplied by the fuel injector 9a. 
Namely, the fuel injection is made twice in one cycle, the 
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first is the normal fuel injection conducted around, for 
example, the top dead center of the compression 
stroke, the second is a secondary fuel injection con- 
ducted at the expansion or exhaust stroke of the engine, 
to thereby supply the reducing agent to the exhaust gas. 
Note that fuel injected by the secondary fuel injection 
seldom contributes to the engine output. 

It has been found that the zeolite catalyst such as 
the Pt-zeolite catalyst 21 performs a HC adsorption and 
desorption in which the catalyst adsorbs HC in the 
inflowing exhaust gas in its micro-pores when the cata- 
lyst temperature is low, by physical adsorption, and des- 
orbs the adsorbed HC when the catalyst temperature 
becomes higher. Further, it is thought that HC is des- 
orbed from the Pt-zeolite catalyst 21 and NO x is des- 
orbed from the Pt-zeolite catalyst 21 very close to each 
other, and thus the NOx desorbed from the Pt-zeolite 
catalyst 21 can be effectively purified. Therefore, in the 
diesel engine shown in Fig. 8, the secondary fuel injec- 
tion is conducted even when the catalyst temperature 
falls, to supply the reducing agent to the Pt-zeolite cata- 
lyst 21. However, the HC adsorbing capacity of the Pt- 
zeolite catalyst 21 is relatively small. Thus, the amount 
of fuel injected by the secondary fuel injection when the 
catalyst temperature TC falls is smaller than that when 
the catalyst temperature increases. 

Further, in the diesel engine shown in Fig. 8. the 
secondary fuel injection timing is controlled to control 
the catalyst temperature TC. Namely, when the second- 
ary fuel injection timing is advanced, the amount of sec- 
ondary fuel burned in the combustion chamber 4 
increases, and thus, the temperature of exhaust gas 
flowing into the Pt-zeolite catalyst 21 increases. As a 
result, the catalyst temperature increases. Contrarily, 
when the secondary fuel injection timing is retarded, the 
amount of secondary fuel burned in the combustion 
chamber 4 decreases, and thus, the temperature of 
exhaust gas flowing into the Pt-zeolite catalyst 21 falls. 
As a result, the catalyst temperature falls. For example, 
the secondary fuel injection timing may be set at 90°CA 
after the top dead center of compression when the cat- 
alyst temperature is to be increased, and may be set at 
150°CA after the top dead center of compression when 
the catalyst temperature is to be reduced. 

Fig. 9 shows a routine for controlling the exhaust 
gas purification mentioned above. This routine is exe- 
cuted by interruption every predetermined time. 

Referring to Fig. 9, first, in step 80, it is judged 
whether the temperature-rise flag is set, which is set or 
reset in the routine shown in Fig. 6. When the tempera- 
ture-rise flag, i.e.. when the catalyst temperature is to be 
increased, the routine goes to step 81, where the sec- 
ondary fuel injection timing is advanced. In the following 
step 82, the amount of the reducing agent is increased. 
Then, the processing cycle is completed. Contrarily, 
when the temperature-rise flag is reset in step 80, i.e., 
when the catalyst temperature is to be reduced, the rou- 
tine goes to step 83, where the secondary fuel injection 



timing is retarded. In the following step 84, the amount 
of the reducing agent is decreased. Then, the process- 
ing cycle is completed. 

In the embodiments described above, the tempera- 

5 ture sensor 39 is provided for detecting the catalyst tem- 
perature TC. However, the catalyst temperature TC can 
be estimated on the basis of the temperature of the 
exhaust gas flowing into the Pt-zeolite catalyst 21. and 
the exhaust gas temperature can also be estimated on 

10 the basis of the engine operating condition, such as the 
depression DEP of the accelerator pedal 40 and the 
engine speed N. Consequently, the catalyst tempera- 
ture TC may be estimated on the basis of the engine 
operating condition. 

is According to the present invention, it is possible to 
provide an exhaust gas purifying device for an engine 
capable of making an amount of NO x adsorbed in the 
exhaust gas purifying catalyst larger, to thereby purify- 
ing NO x sufficiently. 

20 While the invention has been described by refer- 
ence to specific embodiments chosen for purposes of 
illustration, it should be apparent that numerous modifi- 
cations could be made thereto by those skilled in the art 
without departing from the basic concept and scope of 

25 the invention. 

An exhaust gas purifying device for an engine com- 
prises an exhaust gas purifying catalyst with an electric 
heater arranged in the exhaust passage capable of tem- 
porarily adsorbing NO x in the inflowing exhaust gas 

30 therein. A NOx adsorbing capacity of the exhaust gas 
purifying catalyst becomes larger when a temperature 
of the exhaust gas purifying catalyst becomes higher. 
The heater is turned on and is turned off alternately and 
repeatedly to thereby increase and reduce the catalyst 

35 temperature. NOx in tne inflowing exhaust gas is 
adsorbed in the exhaust gas purifying catalyst when the 
catalyst temperature falls, and the adsorbed NOx is 
desorbed from the exhaust gas purifying catalyst and 
reduced when the catalyst temperature increases. The 

40 catalyst temperature is controlled to increase to a first 
upper threshold temperature, at which the NO x adsorb- 
ing capacity of the exhaust gas purifying catalyst is sub- 
stantially zero, and is controlled to fail to a first lower 
threshold temperature, at which the NO x adsorbing 

45 capacity of the exhaust gas purifying catalyst is sub- 
stantially a maximum. 

Claims 

so 1 . An exhaust gas purifying device for an engine hav- 
ing an exhaust passage comprising: 

an exhaust gas purifying catalyst arranged in 
the exhaust passage capable of temporarily 
55 adsorbing NOx in the inflowing exhaust gas 

therein, a NO x adsorbing capacity thereof 
becoming larger when the temperature of the 
exhaust gas purifying catalyst becomes lower; 
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and 

catalyst temperature control means for control- 
ling the temperature of the exhaust gas purify- 
ing catalyst, the catalyst temperature control 
means controlling the catalyst temperature to s 
increase and fall alternately and repeatedly, to 
thereby adsorb NO x in the inflowing exhaust 
gas in the exhaust gas purifying catalyst when 
the catalyst temperature falls, and to desorb 
NOx adsorbed in the exhaust gas purifying cat- 10 
alyst and reduce the NO x when the catalyst 
temperature increases, 

wherein the catalyst temperature is controlled 
to increase to a first upper threshold tempera- 
ture, at which the NOx adsorbing capacity of is 
the exhaust gas purifying catalyst is substan- 
tially zero. 



2. An exhaust gas purifying device according to claim 

1, further comprising reducing agent supplying 20 
means for supplying a reducing agent to the 
exhaust gas flowing to the exhaust gas purifying 
catalyst, wherein the amount of the reducing agent 

to be supplied when the catalyst temperature 
increases is larger than that when the catalyst tern- 25 
perature falls. 

3. An exhaust gas purifying device according to claim 

2, wherein the reducing agent supplying means 
stops the supply of the reducing agent when the 30 
catalyst temperature falls. 

4. An exhaust gas purifying device according to claim 
2, wherein the engine has a fuel injector arranged in 

a combustion chamber of the engine for injecting 35 
fuel directly in the combustion chamber, wherein 
the reducing agent supplying means comprises fuel 
injection control means for controlling the fuel injec- 
tor to inject fuel secondarily at the expansion or 
exhaust stroke of the engine, and wherein the sec- 40 
ondary fuel injection is performed when the supply 
of the reducing agent is to be performed. 

5. An exhaust gas purifying device according to claim 

4, wherein the catalyst temperature control means 45 
comprises fuel injection timing control means for 
controlling the fuel injector to control the timing of 
the secondary fuel injection, and wherein the timing 
of the secondary fuel injection is advanced when 
the catalyst temperature is to be increased, and the so 
timing of the secondary fuel injection is retarded 
when the catalyst temperature is to be reduced. 

6. An exhaust gas purifying device according to claim 

1 , wherein the exhaust gas purifying catalyst com- 55 
prises a catalyst with an electric heater, and 
wherein the catalyst 'temperature control means 
turns on the electric heater when the catalyst tem- 



perature is to be increased, and turns off the elec- 
tric heater when the catalyst temperature is to be 
reduced. 

7. An exhaust gas purifying device according to claim 
1 , wherein a NOx purification efficiency in a steady 
state of the exhaust gas purifying catalyst is lower 
than an allowable minimum NO x purification effi- 
ciency when the catalyst temperature is higher than 
a second upper threshold temperature, and 
wherein the first upper threshold temperature is set 
higher than the second upper threshold tempera- 
ture. 

8. An exhaust gas purifying device according to claim 
1, wherein a N0 2 synthesizing catalyst is arranged 
in the exhaust passage upstream of the exhaust 
gas purifying catalyst for synthesizing N0 2 from NO 
in the inflowing exhaust gas. 

9. An exhaust gas purifying device according to claim 
1. wherein the exhaust gas purifying catalyst com- 
prises a precious metal, such as platinum Pt and 
palladium Pd, or a transition metal, such as copper 
Cu and iron Fe, carried on a porous carrier such as 
zeolite or alumina. 

10. An exhaust gas purifying device for an engine hav- 
ing an exhaust passage comprising: 

an exhaust gas purifying catalyst arranged in 
the exhaust passage capable of temporarily 
adsorbing NOx in tne inflowing exhaust gas 
therein, a NO x adsorbing capacity thereof 
becoming larger when a temperature of the 
exhaust gas purifying catalyst becomes higher; 
and 

catalyst temperature control means for control- 
ling the temperature of the exhaust gas purify- 
ing catalyst, the catalyst temperature control 
means controlling the catalyst temperature to 
increase and fall alternately and repeatedly, to 
thereby adsorb NOx ' n tne inflowing exhaust 
gas in the exhaust gas purifying catalyst when 
the catalyst temperature falls, and to desorb 
NO x adsorbed in the exhaust gas purifying cat- 
alyst and reduce the NOx when the catalyst 
temperature increases, 

wherein the catalyst temperature is controlled 
to fall to a first lower threshold temperature, at 
which the NOx adsorbing capacity of the 
exhaust gas purifying catalyst is substantially 
maximum. 

11. An exhaust gas purifying device according to claim 
10, further comprising reducing agent supplying 
means for supplying a reducing agent to the 
exhaust gas flowing to the exhaust gas purifying 
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catalyst, wherein the amount of the reducing agent 
to be supplied when the catalyst temperature 
increases is larger than that when the catalyst tem- 
perature falls. 

12. An exhaust gas purifying device according to claim 
1 1 , wherein the reducing agent supplying means 
stops the supply of the reducing agent when the 
catalyst temperature falls. 

1 3. An exhaust gas purifying device according to claim 
1 1 , wherein the engine has a fuel injector arranged 
in a combustion chamber of the engine for injecting 
fuel directly in the combustion chamber, wherein 
the reducing agent supplying means comprises fuel 
injection control means for controlling the fuel injec- 
tor to inject fuel secondarily at the expansion or 
exhaust stroke of the engine, and wherein the sec- 
ondary fuel injection is performed when the supply 
of the reducing agent is to be performed. 

14. An exhaust gas purifying device according to claim 
13, wherein the catalyst temperature control means 
comprises fuel injection timing control means for 
controlling the fuel injector to control the timing of 
the secondary fuel injection, and wherein the timing 
of the secondary fuel injection is advanced when 
the catalyst temperature is to be increased, and the 
timing of the secondary fuel injection is retarded 
when the catalyst temperature is to be reduced. 

15. An exhaust gas purifying device according to claim 
10. wherein the exhaust gas purifying catalyst com- 
prises a catalyst with an electric heater, and 
wherein the catalyst temperature control means 
turns on the electric heater when the catalyst tem- 
perature is to be increased, and turns off the elec- 
tric heater when the catalyst temperature is to be 
reduced. 

16. An exhaust gas purifying device according to claim 
10. wherein a NOx purification efficiency in a steady 
state of the exhaust gas purifying catalyst is lower 
than an allowable minimum NOx purification effi- 
ciency when the catalyst temperature is lower than 
a second lower threshold temperature, and wherein 
the first lower threshold temperature is set lower 
than the second lower threshold temperature. 

17. An exhaust gas purifying device according to claim 
10, wherein a N0 2 synthesizing catalyst is 
arranged in the exhaust passage upstream of the 
exhaust gas purifying catalyst for synthesizing NO2 
from NO in the inflowing exhaust gas. 

1 8. An exhaust gas purifying device according to claim 
10, wherein the exhaust gas purifying catalyst com- 
prises precious metal, such as platinum Pt and pal- 



ladium Pd, or transition metal, such as copper Cu 
and iron Fe, carried on a porous carrier, such as 
zeolite and alumina. 

19. An exhaust gas purifying device for an engine hav- 
ing an exhaust passage comprising: 

an exhaust gas purifying catalyst arranged in 
the exhaust passage capable of temporarily 
adsorbing NOx in the inflowing exhaust gas 
therein, a NO x adsorbing capacity thereof 
becoming larger when a temperature of the 
exhaust gas purifying catalyst becomes higher; 
and 

catalyst temperature control means for control- 
ling the temperature of the exhaust gas purify- 
ing catalyst, the catalyst temperature control 
means controlling the catalyst temperature to 
increase and fall alternately and repeatedly, to 
thereby adsorb NOx in tne inflowing exhaust 
gas in the exhaust gas purifying catalyst when 
the catalyst temperature falls, and to desorb 
NOx adsorbed in the exhaust gas purifying cat- 
alyst and reduce the NOx when the catalyst 
temperature increases, 

wherein the catalyst temperature is controlled 
to increase to a first upper threshold tempera- 
ture, at which the NO x adsorbing capacity of 
the exhaust gas purifying catalyst is substan- 
tially zero, and is controlled to fall to a first lower 
threshold temperature, at which the NOx 
adsorbing capacity of the exhaust gas purifying 
catalyst is substantially a maximum. 

20. ^ An exhaust gas purifying device according to claim 

19, further comprising reducing agent supplying 
means for supplying a reducing agent to the 
exhaust gas flowing to the exhaust gas purifying 
catalyst, wherein the amount of the reducing agent 
to be supplied when the catalyst temperature rises 
is larger than that when the catalyst temperature 
falls. 

21. An exhaust gas purifying device according to claim 

20. wherein the reducing agent supplying means 
stops the supply of the reducing agent when the 
catalyst temperature falls. 

22. An exhaust gas purifying device according to claim 
20, wherein the engine has a fuel injector arranged 
in a combustion chamber of the engine for injecting 
fuel directly in the combustion chamber, wherein 
the reducing agent supplying means comprises fuel 
injection control means for controlling the fuel injec- 
tor to inject fuel secondarily at the expansion or 
exhaust stroke of the engine, and wherein the sec- 
ondary fuel injection is performed when the supply 
of the reducing agent is to be performed. 
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